suggested that the collecting tubule may be involved in the regulation of extracellular fluid volume. The present studies were designed to evaluate chloride transport across the in vitro-perfused rabbit cortical collecting tubule inasmuch as chloride ion would ultimately affect extracellular fluid volume. The tubules were perfused and bathed with artificial solutions simulating ultrafiltrate. Four groups of studies were conducted. In groups one and two, tubules from rabbits not receiving desoxycorticosterone (DOCA) were compared to tubules from rabbits which had received DOCA (5 mg/ day) for 1 wk. In groups three and four, tubules were obtained only from rabbits not receiving DOCA. In group one, sequential bidirectional chloride fluxes were measured. The ratio of chloride efflux to influx was 0.99+0.04 in tubules obtained from rabbits not receiving DOCA whereas it was 1.28±0.09 in tubules obtained from rabbits receiving DOCA, suggesting stimulation of net chloride flux under these conditions. In group 2, chemical chloride concentration and osmolality of the collected fluid were measured. Neither the chemical chloride concentration nor the osmolality of the collected fluid decreased significantly below their respective perfusion fluid values in tubules from non-DOCA-treated rabbits but there was a significant decrease in the chemical chloride concentration (10-42 meq/liter) and osmolality (10-42 mosmol/kg H20 ofthe collected fluid in tubules from DOCA-treated rabbits. In group three, unidirectional chloride permeabilities from lumen-to-bath were determined during the passage of current down the perfusion pipette. The alterations of the average lumen potential, -35+4 and +28±2 mV, did not influence unidirectional chloride move-
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INTRODUCTION
For several years, evidence has been advanced suggesting that the collecting tubule is involved in the regulation of extracellular fluid volume (1) (2) (3) . Because chloride is the principal extracellular anion, it is quite likely that the collecting tubule may, in part, control extracellular fluid by regulating reabsorption of chloride. Although the characteristics of chloride transport across many natural epithelia (4-6) and artificial membranes (7) have been examined in some detail, very little information is available regarding the handling of chloride by the mammalian distal nephron. The exact role of endogenous mineralocorticoid in the maintenance of extracellular fluid volume has likewise been intensively examined but not positively delineated (8) (9) (10) . The present studies were therefore undertaken to characterize chloride transport across the rabbit cortical collecting tubule and to examine the effect of mineralocorticoid on net chloride transport.
METHODS
Segments of cortical collecting tubule (CCT)l were perfused in vitro by the technique described (8, 11, 12) . Female New Zealand rabbits weighing 1.5-2.5 kg were used in all experiments. All rabbits were fed a standard laboratory diet and had free access to water. Those animals in which a maximum mineralocorticoid response was required were given in addition deoxycorticosterone acetate (DOCA) 5 mg/day i.m. for 1 wk before experimentation. After guillotine decapitation, the kidney was quickly removed and cut into 1-2-mm slices. A segment of CCT 1.8-3.0 mm long was dissected out in a chilled dish of artificial ultrafiltrate with 5% vol/vol fetal calf' serum. The tubules were perfused with an artificial ultrafiltrate ofthe following composition: NaCl 105 mM, KCl5 mM, NaHCO3 25 mM, Na2HPO4 2.3 mM, Na acetate 10 mM, MgSO4 1 mM, CaCl2 1.8 mM, glucose 8.3 mM, alanine 5 mM, total osmolality 298+5 mosmol/kg H20. The tubules were bathed with a solution of identical composition to which 5% vol/vol fetal calf serum had been added (unlesss otherwise indicated). The transtubular potential difference (PD) was measured by the techniques reported (13) . All studies were performed at 370C. The permeability coefficient for 36C1 (ICN Pharmaceuticals, Inc., Irvine, Calif) was measured by methods described (14) . Bidirectional fluxes of chloride were measured in the same tubule by successive determinations of each unidirectional flux. In any series of experiments the order of measurement of efflux and influx was varied to obviate a systematic source of bias. Undirectional efflux was measured by adding 125I-iothalamate (Glofil-125, Abbott Diagnostics, North Chicago, Ill.) to a specially prepared enriched 36C1 perfusate while the bath was 36C1 free. The perfusate was prepared by adding relatively high specific activity (115,uCi/mg) 1 ' Abbreviations used in this paper: bl, bath-to-lumen; CCT, cortical collecting tubule; Cl-, chloride ion concentration; DOCA, deoxycorticosterone acetate; J, flux; lb, lumen-to-bath; P', permeability; PD, potential difference.
In those experiments that sought to determine an eflfect of a PD change on 36C1 efflux the potential across the tubule was changed and maintained by an external current source and circuit as described by Helman et al. (15) . The length constant of the cortical collecting tubule at 37°C was determined by a method similar to that described by these same authors. This consisted of simultaneously measuring a current-induced potential change in the tubule at the tip of the perfusion pipette and at the distal collecting end. These two experimentally determined potential changes together with the micrometermeasured tubular length allowed the determination of the length constant according to the following relation (15) PD Effect on Chloride Permeability. In an attempt to determine whether the transtubular PD influences the apparent isotopic chloride permeability, an external current was passed down the perfusing pipette by a bridge circuit (15) . It was then possible to alter the base-line PD in nonstimulated tubules and determine the effect of such a perturbation on unidirectional lumen-to-bath chloride movement. In a separate series of experiments (six tubules) the length constant was determined in the cortical collecting tubule at 37°C and found to be 0.61±0.03 mm. This is considerably shorter than the value Helman et al. (15) found in this segment at 25°C (X = 1 mm). This value at 37°C was then used to calculate the average potential perturbation over the entire length of the tubule by the applied current. In four such experiments (Fig. 1) , the average negative potential perturbation was -35+4 mV (R, = 4.4+0.5 x 104
Ql cm) and the average positive potential perturbation was +28+2 mV (transepithelial resistance = 4.4±0.5 x 104 fl cm). The imposed potential did not detectably alter the chloride lumen-to-bath apparent permeability (solid lines). This was verified by two-way analysis of variance by rank (17) . If the nonexchange diffusion component of chloride flux (P' = 0.69 x 10-5 cm/s) (Fig. 2) was influenced by the potential, the apparent permeability should have been augmented by a negative perturbation potential and inhibited by a positive perturbation potential (dashed lines). This conclusion is based on the assumption that the applied current moves solution caused a significant recovery (P < 0.01) of isotopically measured chloride lumen-to-bath permeability (1.78+0.32 x 10-5 cm/s). These observations confirm the existence of the previously postulated (18) chloride exchange diff'usion and in addition explain the wide range of isotopic permeabilities observed in Table I . The exchange diffusion experiments encompassed a wide range of chloride permeabilities which were reduced to a uniform low value by chloride removal from the bath. Chloride transport across the CCT therefore involves a variable exchange diffusion component.
Chloride ion concentration [Cl-I and osmolality changes generated by the CCT. Because a variable exchange diffusion complicates the interpretation of chloride flux data, tubules were perfused at low flow rates (2-4 nl/min) and the collected fluid was analyzed for both chemical chloride concentration [Cl-] and osmolality. Studies were performed on tubules: (a) from rabbits on a regular laboratory diet and (b) from rabbits on a regular laboratory diet plus DOCA 5 mg/day i.m. for 1 wk before experimentation (Table II) 
DISCUSSION
The present in vitro studies disclose that the cortical collecting tubule of the rabbit is capable of net lumento-bath chloride transport. It was further shown that this capability is augmented by exogenously administered DOCA. In addition, these studies confirm that the major fraction of the isotopic flux is secondary to exchange diffusion. Once the exchange diffusion is eliminated, it was shown that the cortical collecting tubule is relatively impermeable to chloride to the extent that net chloride transport is not influenced significantly by large variations in transtubular potential difference. The combination of the above described membrane characteristics together with previously demonstrated low osmotic water permeability (19) allows the cortical collecting tubule to act as a diluting segment in the absence of antidiuretic hormone. It has geen generally accepted that isotopic flux measurements can be used to examine for the presence of net ion transport. We would agree with this view in the absence of exchange diffusion. However, if a large component of the unidirectional flux is secondary to exchange diffusion as previous studies suggest (18) and present studies di- Because the nonexchange diffusion component of chloride transport is invariably a minority of the measured flux, the influence of a potential will be difficult to examine. It can be noted, however, that the present PD perturbation experiments were performed on tubules that had a low base-line apparent permeability to 36C1 and therefore, presumably had a low component of exchange diffusion. Even under these circumstances no statistically significant change was noted in the apparent lumen-to-bath permeability with potential. The CCT epithelial tight junctions are presumed to be relatively impermeable to chloride ions and the vast majority of chloride transport across the CCT involves a carrier-mediated transcellular route. The great majority of this transport is exchange diffusion; whether the remainder is an active chloride transport process or a carrier-coupled sodium and chloride transport process remains to be determined.
That the CCT is capable of acting as a diluting segment is not a totally new concept but it has not been examined directly in previous investigations. Jamison and Lacy (20) examined Brattleboro rats and found evidence for dilution by the collecting tubule in these animals while they were undergoing a maximum water diuresis. Experimental conditions in this indirect study were similar to the current investigations in that both studies examined collecting tubule function in the absence of antidiuretic hormone. The present direct examination of the collecting tubule clearly demonstrates that under DOCA stimulation a diluting capacity of this segment can be elicited. Though Grantham et al. (3) have found a one-to-one coupling of sodium reabsorption and potassium secretion, the generation of a dilute fluid by the CCT in the present study clearly demonstrates that tight coupling of sodium for potassium does not always exist in this segment.
The mineralocorticoid effect observed in the present study is completely consistent with the observations of' Uhlich et al. (9) . They examined the eff'ect of'various aldosterone states on sodium reabsorption across the rat collecting duct. By means of elegant simultaneous papillary micropuncture and vasa recta perfusions, these authors came to the conclusion that aldosterone caused an increase of the intrinsic sodium transport capacity and a decrease of the leak permeability for sodium ions. The present direct in vitro studies of the CCT support this conclusion. Chloride ion transport was the parameter specifically measured and no attempt was made in the current investigation to delineate the driving forces responsible for net chloride movement. Although mineralocorticoids stimulate sodium transport, the possibility exists that it also affects carrier-mediated chloride transport. The more lumen-negative potential induced by DOCA administration (Table I) could, in itself, explain the increment in stimulated chloride efflux but no direct effect of potential alone could be demonstrated in the present studies which suggests that mineralocorticoids affect chloride transport as well as sodium transport.
Another question that deserves consideration is the correlation between chloride changes and osmolality changes observed in the CCT in the present study. Although it is clear that steroid administration dramatically increases chloride efflux and decreases osmolality, whether this chloride efflux is solely responsible for the observed osmolality changes cannot be determined with certainty. On average, the osmolality changes are not sufficient to explain the chloride efflux. This raises the possibility that the concentration of another anion, possibly bicarbonate, may be increasing along the CCT. This question can only be answered by direct study of simultaneous chloride and bicarbonate concentrations in the collected fluid.
In summary, the present studies demonstrate that the CCT is able to reabsorb salt under the modulation of circulating mineralocorticoids. In the absence of mineralocorticoid, there was only minimal if any net salt movement across the CCT whereas in the presence of exogenously administered DOCA there was significant net salt efflux. Thus, these studies suggest that the CCT may participate in overall volume homeostasis. The potential significance of these findings is enhanced by the observation that intravunously administered aldosterone in human subjects undergoing a water diuresis produces urinary dilution without affecting glomerular filtration rate or renal plasma flow (21) . Whether the diluting capacity of the collecting tubule is of physiological significance as an additional energy source for the operation of the countercurrent multiplication system awaits further systematic examination.
